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'UNITE, D . STATES 

PATENT:.--OFïCE 

: - . PRESSURE REGUIïkTOR  :  : ï 
.... Norris i Plank :East Chicago, « ind.;.,,, ssignor  te 
( " " - ShèH Devel0pment Comiïazïy/Sn(Fïi¢iSe0, " , - 
.....  " .. Applition Janua 24, 1949Seril;No:2»308 .  
:Th:invénionréIes to=:pressure.regultors of sid regor bei deuely proteoed 
nd:tO pressure responMve flow reguiors.and 
: :prinsmore: pricUlrlyo self.-energizedpres- 
 sure or flow regulors-fOr/usein:conrollgnd 
:mining;predeeined or cOn ndpref--5 ,::A fi!»rhe:-Ob:Of;he presn 4nvenion 
erbly subsnilly:gh:presses nd/or. res ,-,is*o:prov!de : ,slfenergized pressure egulor 
of flow in fl flow lines.- In-order o secure . of-4he bOVemen!oed,¢hrceristics :werein 
nUmerous es.of pflo.opered pressure conrO1 ' SçOXe .O, re!ive!y versmlchnges,inpres- 
- - However, the:location and operating contiom . = Otherobjcts ;andadantagesof:.the invenOon 

' of many fluid flow lines;e.gï petroleum pipe lines, 
:often,render the use of:mOst :typés-of,pressure 
 rgulatOrS impractical.and inadequate. " Tri gen- 
 eral,' these regulators areoperated by pilotvalvcs: 
--that:are actuated by an auxiliary pressure fluid, 
Such'as forexamPle air;oil«,oranyother suitable 
 iluid.  Sincé - the :installa¢ion, of: an  individual 
. imeumatic. or:ihydraulic system ai  each valve or 

/ will bec¢me: pparent ,from çhe,,follo,ving :detailed 
desçr:iPio,,n akenwih reference toh'e drawing 
 15 : .Fig!!re»:l:As:a:dagr,.ammatie viewpatIyincross 
.... ect!on:of a-:pre!erred embodiment _of apressUre 
: regulat0r,of,:the:!present;!nvention:connected toa 
::pflot valve$or back,,prëssure, service., .«::/: ,. :, 
.. ,: Fig!!re.:2is another ,vigw ofthe::,pressure,.egu- 

 rgulator, in a cross-country pipe line entails-con-.. 20 lator diagrammatically showing if .connècted( te 

,: siderable expense.and maintenance,--it is :desir- 
,iable install'self -energizedregulators» especially 
g the moreisolated locations.-- These" regulators 
rnus be of 'ruggedconstruction. and;possess 
smooth'and stable peration se as te withstand 
and' contrO1 high :pressures .and. rates-of-flow, 
e.: g:, lO00 p. s. i. and 1000 g. p.' m:; respectively. 
Most 'of the present selfenergized pressure and 
flow"regulators of thediaphragmtype areorfly 
=deSignëd te control relatiely low. pressures and 
ratesofflow and would be damaged or made in- 
operative by high pressures .and especially by 
high pressure surges across the main diaphragm 
unit. 
If is therefore an obect, of this invention te 
provide a pressure and flow regulator that is self- 
energized in that ifs operationds responsive te 
and controlledby the pressure,or.flowin the fluid 
conduit and is independent of any auxiliary 
pneumatic or hydraulic control means. 
Itis also an object of the present invention 
te provide a self-energized pressure and flow 
regulator of a simple and sturdy design for.use 
in pipe line systems handling high pressures or 
rates-of-flow. 
If is a further object of thisinvention te pro- 
vide a self:energized pressùre or flow regulator 
with stream-lined-flow course through a single- 
 seat ring and adapted te dampen and stop "chat- 
ter" or "hammer" of the mainvalve on ifs seat. 
Another object of the present invention is te 
provide a self-energized pressure regulator of the 
diaphragm type which is responsive te small dif- 
ferential between the pressures above and below 
the diaphragms of the regulator, the diaphragms 

.a pilot vaye,.,for :pessure .reduçing:service. , 
gure!4sïa, nçhr.vie of th,presentregu- 
..iao diagramiçay: shwjngiiconuect&/to 
25. " Refeing. 0 gurel: 
- sure regulator-of the presentïinention. shown 
hayi ,a fianged housi :lOudapted robe in- 
Stalted .in a fid, ow line diagrammatically in- 
dicated by dotMd nes.at. Il,, suoh-as for. example, 
30 ,apetr°leumpr0 ducts pipe ine:: Thistalla-tion 
maybeeffecte d by any desired mea comprisg, 
for.example, elbows I I and-8 and:flanges 
, and . The hoing. IO.has,a fluid iet 
 port I  and a .'fld ourlet po I 4 ,with-a:pref- 
35 erably beveled valve seat I formed around said 
fluid ourlet port inside.said housing. The-,on 
top of the housing i0 is flanged,, whereby a 
flaed bonnet I may be sured thereto by 
bolts I . Positioned, in a..stable, mater 
40 witn the hoi- I  is a OEaphagm-casing 
havg, a ,gde cylinder 19,- preferably .attached 
te or ormed on the bottera of saidcasing., The 
gde cynder 19 is sealed in a,fld-tight man - 
ner tn the housing I in a suitableman- 
45 ner asby a seal.ring4. In the embodent 0f 
ge L-,the top of the dphragm.casing, 
hag ,a coecular tiare lO that tests on a shoder 
l I in the housing.I . 
The main valve assembly composes anyst- 
50 able closure means such as  valve orplug 
mounted ai the lower end of a valve stem 
wch is in turn flxedly secured te a gde piston 
member l  moted for slidg movement witn 
the- guide cylinder 19. e .gde piston-, is 
-substanfially rger in diameter than valve port 



14. Extending through the valve sten. 24 and 
plug 2S is a small fluid conduit or channel means 
26 in communication bitween the downstream 
side of the valve plug 23 and the inside of the 
guide piston member 25. The guide piston ruera- 
ber 25 is in the form of a hollow cylinder having 
a closed end 27, the opposite sides of which serve 
as the two faces of the pistonç 
The hollow piston member 25 contalns a needle 
valve assembly therein for controlling fluid flow 
through the fluid conduit 26. This assembly 
comprises a valve stem 24, which may extend 
into the piston member 25. A valve seat nut 44 
having an orifice 96 therethrough is threadedly 
secured fo the extonded end of said stem 24, said 
orifice being adapted to be closed by a small 
plug, or needle-type valve 25 secured fo or formed 
atone end of a valve stem 29. The valve stem 
26 is mountod for sliding movement in a bushing 
$6 positioned centrally of the dîaphragm cas- 
ing |.$. 
The diaphragm, assembly comprises a central 
support plate 32 having raised fianges 33 and 34 
upon which a pair of flexible diaphragms 35 and 
36 may be positioned or secured in spaced rela- 
tionship to said plate 32 so as to form fluid-tight 
chambers 37 and 35 on opposite sides thereof. 
The diaphragms 35 and 36 may be ruade of any 
flexible material, such as for example, rubber, 
rubberized canvas, sheet metal, or the like, which 
may be secured in any suitable manner, as by 
cementing, soldering, etc., t the flanges 33 and 
34..In the embodiment of Figure 1, shoulders 
39 and 46 are formed or machined in the bonnet 
! 6 and diaphragm casing ! 5, respectively, so that 
when the bonnet ! 6 is boltod in place the upper 
diaphragm 35 is clamped between flange 3S and 
shoulder 36 while the lower diaphragm 36 is 
clamped between flange 34 and the adjacent 
shoulder 46. 
Centrally located in a hole 4! in the center of 
the support plae 32 is a slidably mounted tubular 
dual valve stem 42. An annular space 49 between 
the outer wall of said tubuiar valve stem 42, and 
inner wall of valve port permits fluid to circulate 
from one side of the support plate 32 to the other. 
Secured to the ends of the alve stem 42 on op- 
posito sides of said plate 32 and spaced therefrom 
are suitable valve-closure means, such as, for 
example, valve plates 45 and 46, formed so as to 
fit tightly against the beveled valve seats 47 and 
48 around the edges of the hole in the plate $2 
when forced thereagainst. A more positive seal 
between the valves and their seats may be secured 
by the use of rubber ring seals 56 and 5 ! suitably 
secured to the valve plaes. The distance be- 
tween the attached valve plates 46 and 4.6 is pref- 
erably the saine as the distance between the di- 
aphragms 35 and 36 so that the valve plates 
normally contact their adjacent diaphragms 
when no pressures are applied to said dia- 
phragms. Both chambers 37 and 36 of the dia- 
phragm assembly are fflled vith any suitable 
clean flUid such as off, said fluid being relatively 
incompressibli, of a constant viscosity and hav- 
ing a low freezing point,  The diaphragm as- 
sembly may be filled through one of the conluits 
52 or 53 which are normally closed by valves 
54 and 55. 
A pair of diaphragm contact discs 3 ! and 56 are 
 mounted at the ends of the valve stem 42, on the 
outside of said diaphragms $5 and 3,6, said discs 
being fixedly secured by lock nuts 92 and 9S. 
Lock nut 63 may be equipped with a seal ring 
162 or other suitable packing means to prevent 
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fluid in the valve from flowing along the ouside 
of the valve sem 29 from one side of the dia- 
phragm .assembly to the other. In ïace-to-face 
contact with the upper diaphragm contact disc 
5 55 and movable therewith, is a spring plate as- 
sembly comprising a spring plate 64 having 
fixedly attached to one side thereof coaxial tu- 
. bular guide members 65 and 96, said .member 66 
being of a length to extend through a control 
10 opening 97 in the top of the bonnet |6 and being 
threaded at the end thereof. The rod-like valve 
stem 26 extends through the bushing $6, tubular 
valve stem 42, contact discs S| and 66, nuts 92 
and 93, spring plate .94 and tubular members 6 
15 and 9 to a point outside the valve bonnet 
where the end of said valve stem 29 is threaded. 
An adjustable coupling nut 98 fixedly secures the 
threaded upper end of the valve stem 29 fo the 
threaded end of tubular member 96 of the spring 
0 plate assembly Lock nuts 96 and 166 may be 
used fo maintain the coupling nut 98 in a fixed 
position. Thus, the coupling nut 68 provides 
convenient means for setting and re-setting the 
valve stem 29 and attached valve plug 26 in 
5 proper relation to other moving parts within the 
regulator without the necessity of dismantling 
the regulator during each setting. 
Sm'rounding the tubular guide member .9 and 
mounted between the inner surface of the bonnet 
30 16 and the top stu.face of the spring plate 94 is 
a diaphragm compression spring 55 which main- 
tains apredetermined pressure on the upper dia- 
phragm 5 through the contact disc 5. The 
adjustability of the valve stem 29 with regard to 
35 the spring assembly, through coupling nut 95 and 
tubuiar guide member 66, permits the spring 
sembly to be set so that the spring force is 
stopped or removed from the diaphragm $5 be- 
lote the valve 4 reaches its seat, thus allowing 
40 only a small pressure from below to unseat 
again. One purpose of the spring 5$ is fo set up 
a minimum pressure differential across the reg- 
ulator (about 5 p. s. i.) which makes it normally 
possible at all rimes for the fluid fo bleed from 
45 the bonnet chamber 16! into the pipe line 
downstream of the main valve 2S. If desired an 
adjustable diaphragm spring may be used. Thus, 
by adjusting the diaphragm spring 55 or by 
stalling another spring having more or less com- 
a0 pression, the differential pressure across the valve 
to be maintained during operation may be set at 
any desired value. 
Affixed to the bonnet , as by welding, and 
surrounding the central opening 67 in the top 
5 thereof is a fiange 19S to which a cap 1{}4 is 
secured by bolts @5 in a fluid-tight manner. 
Preferably a guide plate ! 66 with a central hole 
@7 therethrough is clamped between said flange 
16S and fianged cap !64 to serve as a guide for 
60 the movable valve stem 26 and the attached tubu- 
lar member 6. A spring guide tube 168 may be 
affixed to said guide plate ! 6 so as to extend into 
the bonnet ! S. 
The space 59 within the housing I{} is in com- 
65 munication with the space .66 within the dia- 
phragm casing 8 through one or more ports 
.while the space 6 is in communication with the 
 space 2 inside the hollow piston 25 through a 
port 6S. The rate of fluid flow into the hollow 
0 piston 25 is controlled by the size of the restricted 
passageway 22. 
In order to operate the present regulator, 
is necessary that the pressure lïuid operating said 
regulator be admitted to and allowed fo bleed 
$ from the bonnet chamber ! @ ! of said regulator at 



a contlolled rate. The pressure :fluid .for oper- 
ating .said regulat0r .msy be supplied through a. 
pilot valve 64 çFig. 1) or a restrieted,passageway 
f-I{} ,(Fig. 3) While a pilot vlve,64 :or ]:l I (Figs. 
and 3, respectivèly) may bè usèd te bleed pres- 
sure fluid Ærom the bonnet f 6. A preferred .ar- 
rangement is shown in Figure 3 wherein the pres- 
sure-fluid operating said regulat6r is supplied 
through a restricted passage such as an. orifice, 
needte valve, or a length of tubing f f-{} of.reduced 
diameter, tn conjunction With this restricted 
passage f 10, a single-seated-Vaible-flow pflot 
valve f f I is inserted in thè blêedline f f2-f f3 be- 
tween the bonnet 1.6 and the .downstrëam side of 
the regulator. 
The pilot valve f-! f. comprises a cïsing If4 ing two compartments f.f 6 .and .f f6 which are 
communication,through a valved port l-f 7 which 
may be closed by a valve ,ff6. The valve ff6 is 
attached fo a. valve stem f-f 9 -which bas a .dia- 
phragm disc 12{} ai its otherend in contact with 
a flexible-diaphragm 12f that is secured across 
the valve casing f-14. A compression spring 
positions the diaphragm disc f2{} against the dia- 
phragm ai all rimes. If desired, this spring f22 
may be of the adjustable type and thus be pro- 
set fo control the desired operation .of the pilot 
valve -f f f, and consequently the operation of the 
pressureregulator to which itis connected. 
Other embodiments of the present regulator 
are shown in Figures -1 and 2 utilizing a double- 
seated pilot valve 64 which comprises a casing 66 
having three compartments 66, 67 and 6 which 
may communicate with each other through ports 
69 and 7{}. Positioned in the center compart- 
ment 7 is a valve 71 for closing either port 9 
or 7}, both of said ports being normally .open 
when the valve 7 f is positioned between them. 
The vlve 71 is attached to a valve stem which 
has  diaphragm disc 72 at its other end in con- 
tact with a flexible diaphragm 73 that is secured 
across the valve casLug 66. A compression spring 
7 positions the diaphràgm disc 72 against said 
diaphragm at all rimes. If desired, this spring 
74 mày be of the adjustable type and thus be pre- 
set to control the desired operation of the pilot 
valve 64, and consequently the pressureregulator 
which it actuate. 
The pivot valve 4 is shown diagrammtïcally 
as being connected to the flow regulator and to 
the fluid flow lines for two different operàting 
conditions. In Figure 1 the conduits 76, 76, 77 
and 76 diagrammaticglly represent the connec- 
tions necessary when the pressure regu]ator 
beLug used for bac] prCsure Service, while the 
conduits 7, 81}, 61 and 62 in Figure 2 diagram- 
matically represent the connections necessary 
when the pressure regulator is nsed in pressure 
reducing service. 
To illustrate the use of the pressure regulator 
of the present invention, its operation when used 
in both back pressure service and pressure re- 
ducing service is described hereLubelow. In ail 
instances all portions of the pressure regulator, 
with the exception of the diaphragm assembly, 
are filled with the fluid entering the regulator 
from the fluid pipe line f 2. As hereLuabove men- 
tioned, the diaphragm assembly is îïlled with a 
separate fluid and is sealed so that none of this 
fluid can escape, thus forming an independent 
fluid system that is affected only when pressure 
is applied to either diaphragm 36 or 36. For ex- 
ample, when pressure is applied to the outer sur- 
face of the lower diaphragm 36, the pressure will 
bend the flexible diaphragm -toward the central 

support plate $2 and the fluid in the, compart- 
ment,3$ between said:diaphragm and saidplate 
will be :fo¢ed through-the annular space 9 
tween.e ,tubular va]v.e stem:4-2 ardplate $2 .irto 
5 the.,0ther compartment, $7 :on the 0pposite/side of 
th .plate 32, thus causing a corresponding more- 
ment of the upper diaphragm 36. SLUce the 
valv, e stera 42 is slidably mounted in the .plate 32, 
if will aiso he moved with ..the aphrag'ms.6 and 
lO 6 until-the valve 46 contacts the valve,:seat 
46 £hereby ,closing said valve 46 and preventLug 
any more fluid from being forced through :the 
annular spce 49. Thus, when .the valve 46 is 
closed, .contLuued .or increased pressure on .the 
15 lower-diphragm 3 .does-hot change the pres- 
sure against £he upper diaphragm 36. which_pre- 
vents if _from being injured or damaged; the 
fluid .trapped between the lower diaphragm ,36 
and ttïe plate 32 =pevents rupture of said lower 
0 diaphragm. 
Since .the_annular space 49. betweenthe tUuiar 
valve stem .42 and the plate 32 is-relatively-small 
in size, the low.of fluid from one side of the.dia- 
phragm .assembly to the-other is restriced. 
25 Thus, any sudden pressure imparted to .the lowèr 
diaphragm 3.6, such as that caused by the surging 
of .a fluid through the regulator, is .damped by 
the action of the diaphragm assembly so that 
the regulator is net injured. While the .dia- 
30 phragm assembly is shown as having a vatved 
orifice through the central support plate 32, 
isclear that a similar dampingaction can beob- 
tained by establishing communication .between 
compartmerits 37 and 38 on either .side of .said 
35 plate merely through :a small .orifice such as.an 
orifice .LU the plate 32 vithout any valve in it. 
If is also clear that expansible bellows may be 
used as equivalents of the flexible plate or rubber 
diaphragms 36 and 36. 
40 When a pressure regulator of the present .in- 
vention has been installed in a fluid pipe line for 
back-pressure regulating .service, that s, for reg- 
ulating pressures in the pipe line uPstream of 
£he regulator, the floing. fluid enters .the fiuid 
45 inlet f3. and fflls-all portions of the zegulator 
housing f{}. Fluid travels through the passage- 
way 22 between the inner watl of.the guide cylin- 
der -f9 and the outer, wall of the piston 26 and 
.thence through port '63 Luto the diaphrgm .cas- 
50 ing f6, thus subjecting the lower dia!hragm 
to the upstream pressure. Ftu!d eners the .hol- 
low piston 2 of the main valve assembly..through 
passageway 22 so that when.the needle valve 26 is 
closed upstream pressure is applied to both sides 
. of the transverse plate element 27 of the piston 
26 thus maLutaLuing the mäir valve 23 in a fixed 
position. 
There is also a flow of. fluid throigh the p- 
stream control conduit  into the lower cham- 
0 .ber 66 of the pilot vlve, through the open port 
7{} into the center chamber $7, out 6f sid cham- 
ber through conduit 76 and into the .bonnet 
of the regulator to supIly upstrem pressure to  
the upper diaphragm 3. With the upstream 
 pressure on both the upper-diaphragm -3 and the 
lower diaphragm -36, the pressure exerted by he 
-diaphragm spring 66 keeps the diphragm as- 
sembly depressed so-that .the needle valve .26 .and 
the .main valve 23 are both in a closed position. 
0 Upstream pressure .is applied .to the pilot valçe 
diaphragm 73 through conduit 76, the spring 
of said pilot valve being pr.e-set o .oppose a cer- 
tain upstream pressure, When the .upstzeam 
.pressure against the pilot valve diaphragm 
. increases sufliciently to overcome the sprng 
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force, if depressës the diaphragm 73 and causes 
the pilot valve 7 ! to open port 69 between cham-  
bers 66 and 67 in the pilot valve, so that the 
pressure fluid in the bonnet !6 can flow through 
conduit 78, chambers 67 and 66 and conduit 77 5 
to the main flow line downstream from the main 
valve 26. 
As pressure fluid bleeds from the bonnet !6 
sufficient to 10wer the pressure therein, say 5 
p. s. i. below thë pressure in chamber 60 under the 10 
lower diaphragm 86, the force of the spring 58 is 
overcome and the diaphragms 85 and 86 are 
moved by the upstream pressure which fs now 
applied only to the lower diaphragm 86. The 
force exerted on diaphragm 86 causes the needle 15 
valve 28 and ifs stem 29 to follow the diaphragm 
movement which in turn causes valve 28 fo more 
off ifs seat ailowing fluid inside the hollow piston 
23 fo flow through the orifice 96 and conduit 26 
in the sem 24 of the main valve 28 to the clown= 2O 
stream side thereof. Since the reguiator pref- 
erably bas a needle valve orifice 96 larger than 
the passageway 22 leading into the chamber 62, 
the flow rate through the needle valve exceeds 
the flow rate of upstream pressure fluid ener- 25 
ing the piston chamber 62 inside the hollow pis- 
ton 23 thus causing the pressure inside said pis- 
ton to be reduced below the pressure acting on 
the outside of said piston 23. With such a pres- 
sure differential existing, and since the piston bas 30 
greater area than the valve port 14, the great- 
er upstream pressure acting against the outside 
face of said piston 23 wili cause the piston to 
slide upward in ifs guide cylinder 9 thus open- 
ing the main valve 28, or, if said main valve had 35 
been adjusted to permit a certain rate of flow, 
moving it fo a more open position. The piston 
'23 moves upward until if approaches the seating 
position of the needle valve 26. In operation, 
the piston 23 and the main valve 28 follow the 40 
motion of the needle valve very closely. 
When the upstream pressure decreases and re- 
turns to normal the pre-set pilot valve spring 74 
returns the pilot valve 71 to is normal position, 
opening fluid port 70 and a!lowing an upstream 
pressure fluid flow fo the bonnet !6 which de- 45 
presses thë diaphragms 83 and 86 to more the 
main valve 28 again toward a closed position. 
In reduced pressure service, that fs, for regu- 
lating pressures downstream of the regulator, the 
pilot valve is connected fo the pressure regulator 50 
as shown inFigure 2. In this case a downstream 
pressure line 79 fs connected to the pilot valve 
casing 65 to supply the actuating pressure fo the 
diaphragm 78. With the connections as shown 55 
in Figure 2 and assuming, for example, that the 
pressure on the downstream side of the main 
valve 28 becomes reduced below a predetermined 
value, the pressure above pilot valve diaphragm 
78 also becomes reduced, thus allowing the dia- 60 
phragm spring to raise the valve 7!, opening port 
16, whereby the fluid in the bonnet 6 bleeds 
through conduit 6, chamber 67, port 76, cham- 
ber 63 and conduit 66 to the downstream side of 
the main valve. The removal of fluid pressure 65 
from the bonnet 16 allows the diaphrans 83 and 
86 to be flexed upwardly by the upstream pres- 
sure, thus opening the needle valve 28 and the 
main valve 28 in the previously-described man- 
70 
ner, and thereby raising the pressure in the down- 
stream portion of the pipe line. When the pres- 
sure forces on either side of the main diaphragm 
assembly reach the proper balance, the main 
diaphragm spring 56 causes the main valve 28 75 

8 
to close or-throttle to mainain the downstream 
pressure af the desired predetermned value. 
When the preferred embodiment of the pres- 
ent pressure regulator, illustrated in Figure 3, fs 
installed in a fluid pipe line for back-pressure 
regulating service, the flowing fluid fllls all por- 
tions of the reguiator housing !6, as previously 
described. There fs also a flow of fluid through 
an upstream control conduit 36 and through 
the restricted passage  !6 into the bonnet cham- 
ber II!1 of the regulator to supply upstream pres- 
sure to the upper diaphragm 83. 
 Upstream pressure is also applied fo the pilot 
valve diaphragm 12 through conduits 86 and 
18!, the spring !22 of said pilot valve being pre- 
set fo oppose a certain upstream pressure. When 
the upstream pressure against the pilot valve dia- 
phragm 7.8 increases sufficiently to overcome the 
force of the spring 22, it depresses the dia- 
phragm  2  and causes the pilot valve  ! 3 to open 
port !7 between chambers 3 and 6 in the 
pilot valve so that the pressure fluid in the bonnet 
 6 is allowed to flow through conduit 1  2, cham- 
bers 6 and !3 and conduit 8 fo the main 
flow line 2 downstream from the regulator. 
As the pressure fluid bleeds from the bonnet  G, 
the diaphragms 83 and 86 and the attached valve 
stem 29 are moved upward by the upstream pres- 
sure which fs applied against the lower diaphragm 
86 and the main valve fs opened in a manner 
previously described with regard fo the embodi- 
ment of Figure 1. When the upstream pressure 
decreases and returns fo normal, the pre-set pilit 
valve spring 22 moves the pilot valve 8 to a 
more closed position to decrease the flow of pres- 
sure fluid bleeding ïrom the bonnet  6. The fiow 
of upstream pressure fluid to the bonnet 6 
through the restricted passageway  6 causes the 
diaphragm 83 and attached valve stem 9 to 
more the main valve again toward a more closed 
position. Thus, in this embodiment the single- 
seated pilot valve    in the bleed line 1 2-- 8 
operates fo vary the bleed stream from the bon- 
net 6 in relation fo the fixed feed stream rate 
through the restricted passageway 16 to pro- 
duce the pressure required for operation of the 
regulator. 
While the present pressure regulator bas been 
described as utilizing single or double-seated pilot 
valves actuaed by fiuid pressure from the main 
pipe lines, it fs realized that any oher suitable 
type of pilot valve may be employed, such as, for 
example, pilot valves operated by independent 
hydraulic, electrical or mechanical means. 
If fs fo be noted that in the preferred embodi- 
ment of the present regulator the needle-valve 
stem 29, coupling nut 96, guide members 96 and 
35, spring plate 34 and spring 38 are ïastened 
together as a unit and are free fo move upward 
without carrying with if the diaphragm assembly 
comprising diaphrans 83 and 86, plates 8 I, 45, 
46 and 36, and valve stem 42. Thus, in the event 
a sudden back-fiow of liquid in line 12 forces 
the main valve 28 open, the valve stem 29, spring 
36 and spring guide assembly are forced up- 
wardly so that spring plate 64 fs out of contact 
with contact plate 3 oï the diaphragm assembly, 
which in turn slowly rises as the diaphragm 83 
returns fo ifs normal position. Any possible 
buckling of the valve stem 23 and/or rupturing 
of diaphragm 6 by a sudden back-flow of fluid is 
thus prevented. 
The ïorce of the spring 58 is utilized for two 
purposes. First, if provdies positive mechanical 
force fo return the main valve 28 to its seat 15 
from any open position, and second, if provides 
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mechanical force on top,o£ tha.diaphragm unit to 
counterbalance a predetermined fiuid pressure 
force on the bottom of the diaphragm unit. How- 
ever, the downFard r_a.vel of' thê spring 58 and 
the spring guide assembly is lèferaby limited 
so that the compression force of said spring 58 
is remo,ved fmm the upper diaphragrn 35, before 
the adjacent, val.v_e plate 45 cQntacts ifs s_eat 47 
else. an abnormally highpressu'e on the lower 
diaphragm- 36 is needed to subsequently unseat 
the valve.again. 
I claim :as my invention: 
1. In  pipe line pressure regulator a main 
valve housing, diaphragm means dividing said 
housing ino two chambers, conduit means in 
communlcafion between the first chamber and 
the pipe line upstream and downstream of the 
valve housing for supplying to and draining from 
 said firs chamber pressure fiuid from he pipe 
line, pressure responsive valve means in said con- 
duit means, inlef and ourlet means connecfing 
the second chamber to the upstream and down- 
stream portions of fhe pipe line respectively, a 
valve member in said second chamber adapted to 
close the outle means, piston means in said sec- 
ond chamber coaxially spaced from said dia- 
phragm means, said piston means being rigidly 
connected to said valve member for reciprocaçing 
sald valve member with regard to he ourlet 
means, one side of said piston means being di- 
recfly exposed to the upstream pressure of the 
pipe line, passage means within said second 
chamber for admi%ing the upstream pressure ai 
all rimes fo he space between said diaphragm 
means and .the other side of said piston means, 
charmel means through said valve member in 
communication between said space and the 
downstream portion of the pipe line, and auxil- 
iary valve means controlling fhe fiow through 
said charmel means in said valve member and 
movable therewith, said auxiliary valve means 
being actuated by said diaphragm means o con- 
trol the fiuid fiow through said charmel means, 
said diaphragm means comprising two spaced 
diaphragms, rigid plate means parallel to said 
diaphragm dividing the space therebetween into 
two fiuidtight chambers adapted o contain a 
pressure fiuid, orifice means through said plate 
means in communication between said fiuidtight 
chambers, and valve means for closing said orifice 
means when the diaphragms are subjected to 
high pressure surges. 
2. In a pipe line pressure regulato.r a main 
valve housing, diaphragm means dividing said 
housing into two chambers, conduit means in 
communication beween the flrst chamber and 
the ,pipe line upstream and downstream of he 
valve housing for supplying fo and draining from 
said first chamber pressure fiuid from the pipe 
line, pressure responsive valve means in said con- 
duit means, inlet and ourlet means connecting 
the second chamber fo the upstream and down- 
stream portions of the pipe line respectively, a 
valve member in said second chamber adapted to 
close the ourlet means, piston means in said sec- 
ond chamber coaxially spaced from said dia- 
phragm means, said piston means being rigid]y 
connected to said valve member for reciprocat- 
ing said valve member with regard fo the ourlet 
means, one side of said piston means being di- 
rectly exposed .fo the upstream pressure of the 
pipe line, passage means within Said second 
chamber for admitting the upstréam pressure ai 
all rimes o the space between said diaphragm 

moins a-nd the ohr _ide-p£ said pi.ste, n .m.ans, 
chnnel means oug-: Çaid valve mçmbg in 
commcti0.n bwgen.ai«space an.he down- 
stream .rtiòn of -the: ipe ne, and afl.y 
5 va.ïve a  Co.nroli.the..fiOw throhsaid 
charme1 meansin said vÇe mmber and movable 
 herewi-th, said a-EEilia v.alve menS bëing :au 
ated by satd diaphr me  ¢0 confml-: the 
fluid flow through said :canne! mean, said dia- 
I0 .phragm means compAsing a cylindrical, da- 
phagm casing hang- open #nds, fleble 
diapas çsjg..said op.en, ends, tnserse 
plae means vioEng said ça-sing ino 
igh chambers, .aid chambers being fllled 
15 a liquid, oAflce means hrough said plate means 
in communicafion between said chambers, rigid 
spacg means between said diapagms slidably 
mounted in said orce means, whereby said dia- 
phragms are caed fo more in uson  re- 
20 spore . a differenial pressure applied Chereo, 
valve means carried on said rigid spacing means 
for closing said orce means when the dia- 
phragms are subjeced fo high sge presses, 
and noa1 closed conduif means in sid casing 
25 for introducg a liqd thereinto. 
3. In a pipe line pressure regulaor a main 
valve hoing, diaphragm means diving said 
housing into two chambers, c.ondui mea in 
commucafion between he first chamber and 
30 the pipe line ups.ream and dowtream of the 
valve heusing for supplying fo and draining from 
said sç chamber pressure fld from the pipe 
line, pressure responsive valve mea in said 
condt means, inle and ourlet mea coec- 
35 ing the second chamber o the upstream and 
downstream portions of the pipe line respecfively, 
a valve member in said second chamber adapted 
o close the outle means, piston mea in said 
second chamber coaally spaced from said a- 
40 phragm mns, said piston mea be rigidly 
connected  said valve member for reciprocafing 
said valve member ifh regard te the ourlet 
means, one side of said pton means bdng di- 
rectly exposed fo the utream pressure of he 
45 pipe line, passage means witn said second 
chamber for aitting Che upstre pressure a 
a11 rimes o the space beween said diaphragm 
means and the ether side of sAd piston mea, 
chael mea through said valve member in 
50 communication between said space and fhe 
downstream portion of the pipe line, and ail- 
iary valve me controliing fhe flow ¢ough 
said chael me in said valve mber and 
movable therewith, said uxiliary valve means 
55 being acuated by said diaphragm means  con- 
trol the fluid fiow through said chael means, 
said diapagm means comprising a diaphragm 
casing having open ends, flexible diaphragms 
closing said open ends, traverse plate mea 
69 dioEng said casing inço wo fluidtigh cham- 
bers, said chambers being fllled with a qd, 
orce mea hroh said p1te means in com- 
mucafion ;between said chambers, rigid spacing 
mea between said diaphragms slidably moted 
65 in said orifice mea causing said diaphras fo 
mow in uson in respoe fo a derenial pres- 
sure applied hereto, valve means carried on said 
rigid spacing mea for closing said orifice means 
when the diaphragms are ubjecd o excessive 
70 pressures, and noaliy closed ndui mea in 
said casing for introducing a quid herein, 
said pressure resnsive vve means comprising 
a pilot valve housing, fidtigh diaphragm mea 
in said hoing, eondt means for applying pipe 
75 line pressures o the space within said heusing o 
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one side of said diaphragm, spring means braced 
against the other side of said diaphragrn in oppo- 
sition to said pipe line pressures, first and second 
valve compartments within said housing, orifice 
means in communication between said valve 
compartments, conduit means in communication 
between said rst valve compartment and the 
first chamber of the main valve, conduit means 
in communication between the second valve com- 
partment and the downstream portion of the pipe 
line, and valve means actuated by said dia- 
phragm means for closing the orifice means be- 
tween said compartments. 
NORRIS PLANK. 
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